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Abstract		 Duplicated	ribosomal	protein	genes	are	prevalent	throughout	eukaryotes,	including	humans,	and	are	typically	highly	homologous.	However,	whether	these	loci	encode	functionally	redundant	products	or	provide	specialized	roles	remains	unknown.		Members	of	the	Drosophila	ribosomal	protein	L22e	family,	rpL22	and	
rpL22-like,	have	37%	sequence	identity	(Marygold,	2007)	and	contain	a	fly-specific	histone	H1-like	N-terminal	extension	of	unknown	function.	Molecular	characterization	of	rpL22-like	expression	provided	evidence	for	a	novel	alternatively	spliced	variant,	rpL22-like	short	(Kearse	et	al,	2011).	Uniquely,	this	novel	mRNA	species	does	not	encode	previously	reported	rRNA	binding	sites	and	nuclear	and	nucleolar	localization	signals	for	the	RpL22e	family	(Houmani	&	Ruf,	2009),	but	has	a	nuclear	localization	signal	based	on	computational	predictions.		Encoding	primarily	the	histone	H1-like	domain	of	RpL22,	the	truncated	RpL22-like	short	may	have	a	chromatin-binding	role.		As	a	first	step	to	explore	a	possible	role	for	this	protein	in	chromatin	binding,	rpL22-like	short	were	overexpressed	in	Drosophila	S2	tissue	culture	cells	to	determine	if	the	protein	is	detected	within	the	nuclear	compartment.			Protein	localization	was	determined	by	immunocytochemistry	and	subcellular	fractionation	studies.	Collectively,	these	studies	may	provide	insight	into	the	function	of	this	novel	protein	in	the	fly.		
Background/Significance	Ribosomes	are	comprised	primarily	of	multiple	RNA	molecules	and	ribosomal	proteins	and	have	a	wide	range	of	function	within	the	cell	such	as	
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ribosome	assembly	and	structure.	The	majority	of	these	ribosomal	protein	paralogs	encode	for	identical	protein	products,	indicating	a	certain	degree	of	functional	redundancy	(Kim	et	al.,	2009).	Early	studies	have	further	supported	this	hypothesis	by	showing	that	the	overexpression	of	one	ribosomal	protein	can	rescue	defects	within	its	paralog	(Rotenberg	et	al.,	1988).	However,	recent	studies	have	challenged	this	notion	of	functional	redundancy.	Studies	in	Saccharomyces	cervisiae	have	revealed	that	paralogs	can	be	specialized	for	differential	functions	or	cellular	locations	(Komili	et	al.,	2007).	Other	studies	conducted	revealed	tissue-specific	ribosome	heterogeneity	in	rodent	mammary	gland	and	liver	for	RpL22-like1	and	in	the	testis	for	RpL10-	and	RpL39-like	(Sugihara	et	al,	2010).		Ribosomal	proteins	RpL22	and	its	paralog	RpL22-like,	found	in	Drosophila	
melanogaster,	exhibit	only	37%	sequence	identity,	compared	to	the	typical	60-100%	sequence	identity	found	in	most	paralogous	ribosomal	proteins	(Marygold,	2007).	This	offers	compelling	evidence	for	differential	cellular	function.	Furthermore,	molecular	characterization	of	rpL22-like	expression	has	provided	evidence	for	a	novel	alternatively	spliced	variant,	rpL22-like	short	(Kearse	et	al,	2011).		Interestingly,	comparative	sequence	alignment	of	RpL22-like	full	and	RpL22-like	short	suggests	that	RpL22-like	full	and	its	alternatively	spliced	product,	RpL22-like	short,	may	have	functionally	distinct	roles	within	the	D.	melanogaster.	The	RpL22-like	short	product	is	189	amino	acids	shorter	than	the	full	species	and	lacks	the	C-terminus	RpL22-like	domain.		Instead,	the	N-terminal	end	of	RpL22-like	short	consists	primarily	of	a	domain	with	sequence	homology	to	histone	H1.	This	offers	compelling	evidence	that	the	short	isoform	may	have	a	role	in	chromatin	packaging.	
Chen	4		
More	importantly,	this	study	in	D.	melanogaster	may	provide	evidence	that	paralogous	ribosomal	proteins	have	extensive	and	differential	roles	and	functions	that	may	be	extended	to	other	organisms	as	well.	
	
Methods	
Expression	of	L22-like	Short	and	L22-like	Short	with	FLAG	tag	in	Schneider	2	
Cells	
A	PCR	was	performed	on	rpL22-like	short	using	45	µl	of	Platinum	Blue	Taq	mix	(Invitrogen)	and	1	µl	of	both	forward	and	reverse	primers	(See	Table	1	for	primers).	
Table	1:	List	of	Primers	used	in	experiments	
Primer	 Sequence	
FDmL22likeBamHI	 5’-GTCACGGATCCATGAGTTCCCAGACGCAGAAAAAGAATGCTTCCAA-3’	
RDmL22-
likeFLAG-BamHI	
5’-GTCACGGATCCTTACTTGTCATCGTCATCCTTGTAGTCGCCGCGGCCGATGGCAA	AGGTTTTTCCGCCATTGTCGTCGGCAA	-3’		The	PCR	products	were	then	gel-purified	and	cloned	into	pMT/V5-His-TOPO®	(Invitrogen)	and	subsequently	transformed	into	One	Shot	TOP10	Chemically	Competent	E.	coli	(Invitrogen)	and	plated	on	selective	media	(LB,	amplicillin	100	µg/ml).	The	plasmid	DNA	was	then	purified	using	a	miniPrep	Kit	(Qiagen),	and	clones	were	sent	to	be	sequenced	by	GeneWay	Research	Laboratories.			 The	resulting	pMT/rpL22-like	short	FLAG	construct	and	pMT/rpL22-like	short	were	then	transiently	transfected	using	a	Calcium	Phosphate	Transient	Transfection	kit	(Invitrogen)	into	Schneider	2	cells	(Drosophila	Genomics	Resource	Center	cell	
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line)	and	induced	with	copper	sulfate	at	a	final	concentration	of	500	µM	.	Cells	were	then	collected	at	24	hours	and	72	hours	post-induction.		Cells	were	frozen	for	future	use.		 Collected	cells	were	then	thawed	on	ice	for	30	minutes	and	lysed	using	75	µl	of	RIPA	buffer	with	Mini	Complete	protease	inhibitor	cocktail	without	EDTA	(Roche)	and	spun	at	maximum	speed	for	5	minutes	in	a	Eppendorf	Centrifuge	5415D.		Protein	concentrations	in	soluble	fractions	were	then	quantified	using	the	DC	protein	assay	kit	(BioRad).		Soluble	extracts	of	pMT/rpL22-like	short	(40	µg)	and	pMT/rpL22-like	short	
FLAG	(40	µg	and	80	µg)	were	then	mixed	with	SDS	sample	buffer,	and	the	proteins	were	separated	by	SDS-PAGE	(5%	stacking	gel;	12.5%	separating	gel)	at	100-200	V.			Gel	fractionated	proteins	were	then	electrotransferred	onto	0.2	µm	Westran	S	PVDF	membrane	(Whatman)	at	100	V	for	1	hour.	The	membrane	was	blocked	with	5%	non-fat	dry	milk	in	1X	PBS	with	0.1%	Tween-20	(NFDM)	for	1	hour	and	subsequently	incubated	overnight	using	1°	Ab	Mouse	Anti-L22-like	(at	1:1000	in	3%	NFDM)	at	4°C.	The	membrane	was	then	incubated	in	HRP-conjugated	2°	Ab	Goat	Anti-Mouse	(1:50,000	in	3%	NFDM)	for	2	hours	at	4°C.	Chemilluminescent	detection	was	achieved	using	ECL-Plus	(GE	Healthcare)	and	BioMax	Chemilluminescence	film	(Kodak).		In	other	experiments,	S2	transfection	was	performed	using	the	pMT/RpL22-like	short	construct.	Cells	were	induced	for	24,	48,	and	72	hours	after	transfection.	Soluble	extracts,	protein	electrophoresis,	and	Western	blots	were	prepared	as	described	above.	
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Cellular	Localization	of	L22-like	Short		
Immunocytochemistry	Coverslips	were	prepared	by	first	immersing	them	in	concentrated	hydrochloric	acid	for	1	hour.	The	coverslips	were	then	subsequently	washed	using	distilled	water	for	~3	minutes	and	then	dried	in	an	oven	for	30	minutes.	The	coverslips	were	then	coated	using	50	µl/coverslip	of	Concanavalin	A	(0.5	mg/ml	in	dH2O)	and	air-dried	at	room	temperature.	pMT/rpL22-like	short	DNA	was	transiently	transfected	into	S2	cells	as	previously	described	above	using	the	Calcium	Phosphate	Transient	Transfection	protocol	(Invitrogen).	The	cells	were	then	induced	and	collected	24	hours	post	induction	and	diluted	to	1:10	and	1:20	using	S2	Media	with	10%	Heat-Inactivated	Fetal	Bovine	Serum,	and	1	ml	of	cells	of	each	dilution	was	added	to	the	treated	coverslips	and	allowed	to	spread	out	for	~90	minutes	at	room	temperature	and		rinsed	twice	with	1X	PBS.	The	cells	were	then	fixed	using	10%	formaldehyde	in	1X	PBS	for	10	minutes	at	room	temperature	in	the	dark.	The	cells	were	washed	3	times	with	PBST	(1X	PBS	with	0.1%	Triton	X-100)	for	5	minutes	each	time.		Blocking	solution	(40	µl:	5%	Normal	Goat	Serum	in	PBST)	was	added	to	each	coverslip	and	incubated	for	10	minutes	at	room	temperature.	The	coverslips	were	transferred	into	a	humidified	chamber	and	incubated	with	1°	Ab	Mouse	Anti-L22-like	(1:100	in	Blocking	Solution)	for	1	hour	and	subsequently	washed	3	times	using	PBST	for	10	minute	each	time	at	room	temperature.	The	coverslips	were	transferred	to	a	humidified	chamber	and	incubated	with	Alexa	Fluor	488-conjugated	2°	Ab	Goat	Anti-Mouse	(1:200	in	Blocking	Solution)	and	propidium	iodide	co-stain	(1:500	in	
Chen	7		
Blocking	Solution)	for	1	hour	at	room	temperature.	The	coverslips	were	then	washed	3	times	in	PBST	for	10	minute	each	time	and	mounted	using	~30	µl	of	Southern	Biotech	Fluoromount-G	mounting	solution.	The	cells	were	then	viewed	at	63X	magnification	using	an	argon2	laser	on	a	Zeiss	LSM	510	META	laser	scanning	confocal	inverted	microscope	coupled	to	a	digital	CCD	camera.	
	
Subcellular	Fractionation	
The	protocol	used	was	based	on	the	subcellular	fractionation	protocol	proposed	by	Holden	and	Horton.	A	total	of	4	x	106	S2	cells	were	used	for	each	sample,	and	the	cells	were	centrifuged	at	100	RCF	for	5	minute.	Then	the	supernatant	was	aspirated,	and	the	cells	were	washed	with	1	ml	of	ice	cold	1X	PBS	per	sample.	The	cells	were	pelleted	at	100	RCF	for	5	minute,	and	200	µl	of	Buffer	1	(150	mM	NaCl,	and	50	mM	HEPES	pH	7.4)	was	added.	Different	concentrations	of	digitonin	were	added	(25	µg/ml,	50	µg/ml,	and	100	µg/ml,	Invitrogen).	The	cells	were	incubated	at	room	temperature	for	10	minute	and	centrifuged	at	2,000	RCF	for	5	minute.	The	supernatant	was	aspirated	and	kept	(cytosol	fraction)	as	well	as	the	pellet	(insoluble	fraction).	
Soluble	and	insoluble	fractions	of	RpL22-like	short	(5%	by	volume	of	each	fraction)	were	then	mixed	with	SDS	sample	buffer,	and	the	proteins	were	separated	by	SDS-PAGE	(5%	stacking	gel;	10%	separating	gel)	at	100-200	V.		Gel	fractionated	proteins	were	then	electrotransferred	onto	0.2	µm	Westran	S	PVDF	membrane	(Whatman)	at	100	V	for	1	hour.	The	membrane	was	blocked	with	5%	non-fat	dry	
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milk	in	1X	PBS	with	0.1%	Tween-20	(NFDM)	for	1	hour	and	subsequently,	incubated	overnight	using	1°	Ab	Mouse	Anti-Lamin	Dm0	(at	1:2000	in	3%	NFDM),	1°	Ab	Mouse	Anti-b-tubulin	(at	1:300	in	3%	NFDM),	and	1°	Ab	Rabbit	Anti-L22	(1:4000	in	3%	NFDM)	at	4°C.	The	membrane	was	then	incubated	in	HRP-conjugated	2°	Ab	Goat	Anti-Mouse	and	HRP-conjugated	2°	Ab	Goat	Anti-Rabbit	(both	at	1:50,000	in	3%	NFDM)	for	2	hours	at	4°C.	Chemilluminescent	detection	was	achieved	using	ECL-Plus	(GE	Healthcare)	and	BioMax	Chemilluminescence	film	(Kodak).	
	
Results 
Expression	of	L22-like	Short	and	L22-like	Short_FLAG	in	Schneider	2	Cells	
A	Western	blot	was	performed	on	both	the	RpL22-like	short	and	RpL22-like	short	with	FLAG	tag	in	order	to	determine	how	many	hours	post-induction,	as	well	as,	which	construct	yielded	the	most	detection	of	protein.	Due	to	the	relative	low	abundance	of	RpL22-like	short,	a	large	quantity	of	protein	was	loaded	into	each	well.	Based	on	Figure	1,	RpL22-like	short	ran	at	the	expected	molecular	weight	(~13	kDa),	the	RpL22-like	short_FLAG	ran	slightly	higher	than	RpL22-like	short,	which	was	also	expected.							
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			 Interestingly,	there	was	much	greater	detection	of	RpL22-like	short	when	compared	to	that	of	the	RpL22-like	short	with	FLAG	tag	even	when	two	times	more	RpL22-like	short	with	FLAG	tag	was	loaded.	Furthermore,	both	constructs	exhibited	the	greatest	detection	24	hours	post-induction.	It	is	important	to	note	that	while	the	detection	of	the	proteins	for	both	constructs	was	the	greatest	24	hours	post-induction,	and	the	detection	for	both	constructs	was	greatly	reduced	72	hours	post-induction.	A	subsequent	experiment	was	performed	to	determine	how	days	after	induction	had	the	greatest	detection	of	RpL22-like	short.		As	shown	in	Figure	2,	it	is	
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clear	that	the	greatest	detection	was	at	24	hours	post-induction,	and	the	levels	of	detection	steadily	decreased	as	time	after	induction	increased.		
	
Cellular	Localization	of	L22-like	Short	in	S2	Cells:	
Immunocytochemistry	
	 Immunohistochemistry	was	used	to	investigate	the	cellular	localization	of	RpL22-like	short	in	S2	cells.	Based	on	a	representative	image	in	Figure	3,	it	is	clear	that	the	propidium	iodide	not	only	stained	the	nucleus,	but	the	cytoplasm	as	well.	This	raised	some	concerns	because	without	clearly	staining	only	the	nucleus,	it	would	be	difficult	to	adequately	determine	whether	RpL22-like	short	has	a	nuclear	localization.	However,	there	was	a	strong	punctate	pattern	of	staining	relative	to	the	cytoplasmic	staining	which	corresponds	to	the	nucleolus	of	the	cell.	As	such,	this	strong,	punctate	signal	served	as	the	nuclear	marker.		
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The	negative	controls	represented	in	Figure	3	are	cells	that	were	not	transfected	with	rpL22-like	short.	In	the	negative	control,	there	was	no	visible	RpL22-like	short	staining	in	any	of	the	cells,	indicating	that	the	Alexa488	stain	does	not	auto-fluoresce	when	used	in	S2	cells.	Though	these	images	reveal	that	the	majority	of	the	RpL22-like	short	is	cytoplasmic	(within	the	compartment	where	protein	synthesis	would	occur)	as	might	be	expected	in	this	overexpression	experiment,	the	merge	of	the	RpL22-like	short	staining	and	nuclear	staining	(propidium	iodide)	shows	that	there	is	some	definitive	nuclear	staining	(See	Figure	4,	white	arrow).		The	images	also	reveal	that	there	are	differing	levels	of	nuclear	RpL22-like	short	from	cell	to	cell,	likely	related	to	variation	in	the	degree	of	rpL22-like	short	expression	in	different	cells.		
	
Chen	12		
	
	
Subcellular	Fractionation	A	subcellular	fractionation	protocol	was	adapted	for	use	in	S2	cells,	and	experiments	were	performed	to	better	optimize	this	protocol	to	further	corroborate	RpL22-like	short	as	having	the	ability	to	translocate	to	the	nucleus.	Digitonin	was	used	to	permeabilize	the	S2	cells’	plasma	membrane	to	allow	for	proper	fractionation	of	the	insoluble	and	soluble	fractions.	Based	on	the	ICC	data,	I	expect	that	in	transfected	S2	cells,	the	majority	of	the	RpL22-like	short	will	be	found	in	the	cytoplasm	of	the	cell	(soluble	fraction),	but	a	small	fraction	of	the	RpL22-like	short	
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will	be	found	in	the	insoluble	fraction.	Whole	cell	lysates	were	used	as	the	positive	control	for	this	experiment,	because	they	will	allow	for	the	detection	of	both	of	the	cellular	markers,	lamin	and	b-tubulin.		
	
In	Figure	5,	lamin,	the	nuclear	marker,	was	detected	in	all	insoluble	fractions	at	its	expected	molecular	weight	(~75	kDa);	however,		lamin	was	also	found	at	its	expected	molecular	weight	within	the	soluble	fractions.	The	levels	of	detection	for	lamin	in	all	of	the	insoluble	fractions	were	much	greater	than	the	levels	of	detection	for	lamin	in	any	of	the	soluble	fractions.	
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	 Also,	b-tubulin,	the	cytosol	marker,	was	detected	in	all	of	the	soluble	fractions	at	its	expected	molecular	weight	(~50	kDa);	however,	b-tubulin	was	also	detected	at	its	expected	molecular	weight	in	all	of	the	insoluble	fractions.	In	the	25	µg/ml	and	50	µg/ml	of	digitonin	insoluble	fractions,	the	detection	of	b-tubulin	was	much	greater	than	any	of	the	soluble	fractions	and	had	levels	of	detection	equal	to	that	of	the	whole	cell	lysates.	b-Tubulin	levels	were	less	in	the	insoluble	fraction	collected	using	100	µg/ml	of	digitonin	than	in	the	insoluble	fractions	collected	using	lower	concentrations	of	digitonin.	In	order	to	determine	the	cellular	distribution	of	RpL22	in	the	fractionation	experiments,	the	Western	blot	was	probed	for	RpL22	(see	Fig.	6).			The	50	kDa	species	was	found	in	both	soluble	and	insoluble	fractions,	with	higher	amounts	found	in	the	soluble	fraction.			Similarly,	the	~40	kDa	species	was	observed	in	all	fractions,	with	more	of	this	species	found	in	the	insoluble	fraction	compared	to	the	soluble	fraction.		Interestingly,	the	species	which	is	referred	to	as	the	“40+	kDa”	species	(Refer	to	white	arrow	on	Figure	6),	was	detected	in	the	insoluble	fractions	in	all	cases.		It	is	noted,	however,	that	the	soluble	fraction	collected	using	25	µg/ml	digitonin	had	a	small	amount	of	the	40+	kDa	species	present.		This	result	is	likely	due	to	incomplete	lysis	of	cells	using	the	lower	concentration	of	digitonin.		
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Discussion	
Expression	of	L22-like	Short	and	L22-like	Short	with	FLAG	tag	in	Schneider	2	
Cells	
In	order	to	determine	how	efficiently	S2	cells	expressed	the	RpL22-like	short	and	RpL22-like	short_FLAG	constructs,	each	construct	was	transfected	into	S2	cells	and	a	Western	analysis	was	performed	to	determine	protein	accumulation.	Based	on	the	analysis	of	the	Western	blot,	there	was	greater	detection	of	RpL22-like	short	than	the	RpL22-like	short	with	FLAG	tag	even	when	there	was	two	times	more	RpL22-like	short	with	FLAG	tag	loaded	into	the	well.	The	most	likely	explanation	for	this	result	is	that	the	addition	of	12	amino	acids	to	the	C-terminus	end	of	RpL22-like	short	had	a	negative	effect	on	its	overall	stability	and	thus,	RpL22-like	short	with	
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FLAG	tag	was	less	efficiently	expressed	in	S2	cells	than	RpL22-like	short.	For	subsequent	experiments,	RpL22-like	short	construct	was	used	instead	of	the	RpL22-like	short	with	FLAG	tag.				 To	determine	the	optimal	induction	period	of	RpL22-like	short,	it	was	transiently	transfected	in	S2	cells	and	detection	of	protein	was	observed	using	Western	blot	analysis.	Based	on	the	Western	blot,	the	highest	levels	of	RpL22-like	short	were	detected	at	24	hours	post-induction	and	thus,	the	optimal	collection	time	used	for	all	subsequent	experiments	was	24	hours	post-induction.	For	the	localization	experiments	using	transiently	transfected	cells,	cells	were	collected	at	24	hours	post-induction	and	subsequently	prepared	for	imaging.		
	
Cellular	Localization	of	L22-like	Short	in	S2	Cells	
	 RpL22-like	short	is	the	product	of	alternative	splicing	of	the	gene	and	based	on	its	protein	structure,	we	have	hypothesized	that	it	may	function	as	a	chromatin	binding	protein.		It	is	also	noted	that	no	obvious	DNA	binding	motifs	exist	within	the	short	structure,	but	its	strong	homology	to	histone	H1	is	suggestive	that	a	function	in	chromatin	architecture	may	be	implicated.		Thus,	as	a	first	step	to	determine	if	short	could	be	involved	in	chromatin	architecture,	it	was	reasonable	to	determine	if	any	of	the	overexpressed	short	protein	might	be	localized	to	the	nucleus.		If	so,	then	the	pursuit	of	a	nuclear	function	for	short	could	be	supported.		
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In	order	to	determine	cellular	localization	of	RpL22-like	short,	an	immunocytochemistry	experiment	was	done.	The	results	showed	a	large	quantity	of	RpL22-like	short	present	in	the	cytoplasm	of	the	cell,	which	might	be	expected	since	
rpL22-like	short	(and	other	proteins	as	well)	is	translated	in	the	cytoplasm.		The	absence	of	a	significant	amount	of	rpL22-like	short	mRNA	in	S2	cells	(Kearse	et	al.,	2011)	made	the	overexpression	strategy	easier	for	RpL22-like	short	visualization.			
More	importantly,	the	merge	of	both	the	nuclear	stain	and	RpL22-like	short	stain	revealed	that	there	is	detectable	nuclear	localization	of	RpL22-like	short.	While	the	majority	of	the	protein	is	still	cytoplasmic,	it	is	likely	that	its	overexpression	may	exceed	the	machinery	available	to	transport	a	large	portion	of	the	protein	into	the	nucleus	in	these	cells.	The	presence	of	a	small	fraction	of	RpL22-like	short	in	the	nucleus	is	consistent	with	my	hypothesis	that	the	protein	may	bind	to	chromatin	in	the	nucleus	based	on	its	strong	homology	to	a	known	chromatin	binding	protein,	histone	H1.	While	the	immunohistochemistry	data	do	not	elucidate	the	exact	function	of	RpL22-like	short	in	the	nucleus,	the	studies	have	laid	a	foundation	for	additional	work	to	determine	a	nuclear	role	for	RpL22-like	short	in	
Drosophila	melanogaster.		Additional	experiments	were	designed	to	provide	corroborating	evidence	that	RpL22-like	short	is	a	nuclear	protein.		In	this	case,	subcellular	fractionation	was	undertaken	to	provide	biochemical	support	for	a	nuclear	localization	of	a	fraction	of	RpL22-like	short	within	transfected	S2	cells.	Preliminary	experiments	were	conducted	to	determine	the	optimum	digitonin	concentration	in	S2	cells.	Based	on	Western	blot	analysis,	the	detection	levels	of	the	two	cellular	markers,	lamin	and	b-
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tubulin,	and	RpL22,	the	fraction	collected	using	100	µg/ml	of	digitonin	was	the	most	promising.	The	100	µg/ml	of	digitonin	samples	showed	higher	levels	of	detection	for	the	nuclear	marker,	lamin,	in	the	insoluble	than	in	the	soluble	fraction.	Also,	the	insoluble	fraction	collected	using	the	100	µg/ml	of	digitonin	had	much	lower	levels	of	detection	of	the	cytoplasmic	marker,	b-tubulin,	in	the	insoluble	fraction	than	other	insoluble	fractions	collected	using	lower	concentrations	of	digitonin,	indicating	that	digitonin	concentrations	below	100	µg/ml	were	not	sufficiently	high	enough	to	completely	lyse	all	of	the	cells.		Detection	levels	of	the	different	molecular	weight	species	of	RpL22	in	the	fractions	collected	using	100	µg/ml	of	digitonin	showed	patterns	that	were	distinct	for	the	insoluble	and	soluble	fractions.	The	40	and	40+	kDa	species	were	more	prominent	in	the	insoluble	fraction	while	the	50	kDa	specie	was	more	prominent	in	the	soluble	fraction.			These	experiments	adequately	showed	that	100	µg/ml	of	digitonin	was	the	optimum	concentration.	In	order	test	the	localization	of	RpL22-like	short	using	a	biochemical	approach,	rpL22-like	short	will	be	overexpressed	in	S2	cells,	and	a	subcellular	fractionation	protocol	will	be	run	using	100	µg/ml	of	digitonin.	A	Western	blot	will	be	run	to	test	to	see	whether	trace	amounts	of	RpL22-like	short	will	be	detected	in	the	insoluble	fraction.		If	additional	fractionation	experiments	support	the	conclusion	that	RpL22-like	short	has	a	nuclear	localization,	then	future	experiments	will	allow	us	to	address	the	question	of	its	role	within	the	nucleus.	Current	analysis	of	the	amino	acid	sequence	of	RpL22-like	short	shows	that	the	N-terminal	domain	of	RpL22-like	
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short	has	homology	to	histone	H1,	which	suggests	that	RpL22-like	short	may	have	a	role	in	chromatin-binding.	Therefore,	a	Chromatin	Immunoprecipitation	Assay	is	a	reasonable	experiment	to	address	a	possible	association	of	RpL22-like	short	with	chromatin.		A	chromatin-binding	role	for	RpL22-like	short	would	provide	evidence	that	a	novel	alternatively	spliced	protein,	generated	from	the	RpL22e	ribosomal	protein	family	clearly	has	a	nonribosomal	function.		This	discovery	would	contribute	to	a	broader	understanding	of	highly	specialized	functions	in	the	RpL22e	family	in	
Drosophila	melanogaster.		
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